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//) • ^^Ip^^tP^^ METHOD FOR MANUFACTURING INSULATING RESIN 
LAYER, SUBSTRATE FOR ELECTRO-OPTICAL DEVICES, METHOD FOR 
MANUFACTURING ELECTRO-OPTICAL DEVICE, AND ELECTRO- 
OPTICAL DEVICE 



) [Claims] 



[Claim 1] A method for manufacturing an insulating resin layer, comprising: 
a step of forming a photosensitive resin layer on a substrate; 
a first exposure step of performing exposure for the obtained photosensitive resin 

layer; 

a developing step of developing the photosensitive resin layer subjected to the 
exposure; and 

a second exposure step of performing exposure for the developed photosensitive 
resin layer at a substrate temperature of 100 to 250°C with an illuminance of 80 mW/cm 2 
or more and an irradiation energy of 5 to 30 J/cm 2 . 

[Claim 2] The method for manufacturing an insulating resin layer according to Claim 1 , 
wherein the photosensitive resin layer contains an acrylic resin as a main component. 

[Claim 3] The method for manufacturing an insulating resin layer according to Claim 1 
or 2, wherein the second exposure step is performed using a high-pressure mercury lamp 
having a luminescence peak at a wavelength of about 365 nm, and the illuminance on the 
substrate is 80 mW/cm 2 or more at a wavelength of 350 to 380 nm. 

[Claim 4] The method for manufacturing an insulating resin layer according to Claim 3, 
wherein the second exposure step is performed using a filter for removing rays having a 
wavelength of less than 300 nm from rays emitted from the high-pressure mercury lamp. 

[Claim 5] A substrate for electro-optical devices, comprising an insulating resin layer 
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obtained by an insulating resin layer-manufacturing method according to any one of 
Claims 1 to 4. 

[Claim 6] The substrate for electro-optical devices according to Claim 5, wherein the 
insulating resin layer has a transmittance of 95% or more with respect to a colored ray 
having a wavelength of 400 nm. 

[Claim 7] The substrate for electro-optical devices according to Claim 5 or 6, wherein 
the insulating resin layer has a thickness of 3 jam or more. 

[Claim 8] A method for manufacturing an electro-optical device, comprising a step of 
manufacturing an insulating resin layer according to any one of Claims 1 to 4 or a step of 
using a substrate for electro-optical devices according to any one of Claims 5 to 7. 

[Claim 9] An electro-optical device comprising an insulating resin layer formed by a 
manufacturing method according to any one of Claims 1 to 4 or a substrate for electro- 
optical devices according to any one of Claims 5 to 7. 



[0001] Tg/jCEfrF&MRlD THf ZTAisfB^TLoKl 

f t ^Technical Field of tfrp Invention^ ^ JfeuW 

The present invention relates to a metiKicl for manufacturing an insulating resin 
layer, a substrate for electro-optical devices, a method for manufacturing an electro-optical 
device, and such an electro-optical device, ^he present invention particularly relates to a 
method for manufacturing an insulating layer that is satisfactory in light transmittance. 

[0002] 

Z> ^ Description o f t^je Related Artj^ 
.Aoi ± ^ The following^ i^ lays for liquid crystal devices, electroluminescent devices, and 
the like/^4^^A active matrix displays including thin-film transistors (TFTs) that are 
thin-film semiconductor elements and are each connected to corresponding pixels such 
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that a plurality of the pixels which are arranged in a matrix are driven for each pixel. In 
such displays having the above configuration, pixel electrodes are insulated from the TFTs 
with an interlayer insulating film and driving signals received from the TFTs are 
transmitted to the pixel electrodes through contact holes . f ^ > 

C -Such an interlayer insulating film principally contain, for example, a photosensitive 
resin such as an acrylic resin, and liquid crystal panels containing such a photosensitive 
material are known (see, for example, Jftt^at^El^^ and P^btT>6l<%H^Hl^). 

[0003] 





(Japanese Unexamined Patent Application Publication No. 8-211 779^ 




( Japanese Unexamine d Patent Applic a t i on Publication No 9 -152625 

There is a problem in that photosensitive resins are apt to be colored (for example, 
colored yellow) and particularly deteriorated in transmittance with respect to a colored ray 
having a low wavelength (for example, a wavelength of about 400 nm) in some cases, 
whereby display properties are deteriorated. 

[0005] 

The present invention has been made in view of the above circumstances, and it is 
an object of the present invention to provide a method for manufacturing an insulating 
resin layer that is an insulating material used for electro-optical devices and is not 
deteriorated in display propert>^^sub'strate, manufactured by the above method, for 
electro-optical devices^ a method for manufacturing an electro-optical device* and an 
electro-optical device. 
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[0006] 

A^4e^nsJj^S o lv ing titg^roblems] ^tA^ 

In order to achieve the above object, a tiiethod for manufacturing an insulating 
resin layer according to the present invention/include^ a step of forming a photosensitive 
resin layer on a substrate, a first exposure step of performing exposure for the obtained 
photosensitive resin layer, a developing step of developing the photosensitive resin layer 
subjected to the exposure, and a second exposure step of performing exposure for the 
developed photosensitive resin layer at a substrate temperature of 100 to 250°C with an 
illuminance of 80 mW/cm 2 or more and an irradiation energy of 5 to 30 J/cm 2 . 
[0007] t& A 

As described above, the insulating resin layer/contaii^the photosensitive resin and 
exposure is performed for the photosensitive resin under the above-mentioned conditions, 
whereby coloration occurring in an obtained insulating layer can be greatly improved. 



That is, thefexposure is performed with an illuminance of 80 mW/cm 2 or more, whereby 
the photosensitive resin is decoloriz^^m)i therefore an obtained insulating material has a 
transmittance of 95% or more with respect to a colored ray having a wavelength of 400 
nm. This is because the application of light having high illuminance promotes the cross- 
linking reaction of the photosensitive resin and thereby the absorption of visible light is 
decreased. In the exposure step, when the illuminance is less than 80 mW/cm 2 , the 
decolorization is insufficient^arid therefore coloration occurs in the obtained insulating 
material in some cases. In the exposure step of the present invention, when the 
illuminance is 100 mW/cm 2 or more, the decolorization can be sufficiently performed. 
[0008] 

In the present invention, since the irradiation energy is 5 to 30 J/cm , heat having 
reverse effects on the photosensitive resin is hardly generat^ai^ therefore a problem 
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such as the decomposition of the photosensitive resin by heat is hardly caused. When the 
irradiation energy is less than 5 J/cm 2 , the decolonization is insufficient in some cases. In 
contrast, when light having an energy of more than 30 J/cm 2 is applied, excessive heat is 
applied to the resin and thereby the decomposition of the resin is caused in some cases. 
Furthermore, for example, the substrate on which the insulating resin layer is disposed is 
deformed due to the heat in some cases. In the exposure step of the present invention, the 
irradiation energy is preferably 10 to 20 J/cm 2 . 
[0009] 

In the present invention, since the exposure is performed at a substrate temperature 
of 100 to 250°C, the decolorization of the resin is promoted by heating. When the 
substrate temperature is less than 100°C, the decolorization is not promoted in some C2^s^ 
and therefore it takes a long time in the exposure step. 
^When the substrate temperature exceeds 250°C, the resin is decomposed in some cases 
and, for example, the substrate on which the insulating resin layer is disposed is deformed 
due to the heat. When, for example, the exposure step is performed after the 
photosensitive resin is formed on the substrate, the substrate temperature is set within the 
above range. When the temperature is increased by the application of light, the 
temperature can be controlled within the above range by the use of a predetermined 
cooling tool, for example, a cooling fan or the like. 
[0010] 



The photosensitive resin may contain an acrylic resin as a main component. ^ 



Since such an acrylic resin has high transmissiVeprope rtics and insulating 
properties, this resin is fit for an insulating material for interlayer insulating layers for 
electro-optical devices. 

[0011] 



J 
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The second exposure step may be performed using a high-pressure mercury lamp 
having a luminescence peak at a wavelength of about 365 nm, and the illuminance on the 
substrate may be 80 mW/cm 2 or more at a wavelength of 350 to 380 nm. 

< ^Since such a high-pressure mercury lamp has a luminescence peak in a relatively 
low wavelength region, the exposure can be performed with high illuminance. 
[0012] 

The second exposure step may be performed using a filter for removing rays 
having a wavelength of less than 300 nm from rays emitted from the high-pressure 
mercury lamp. 




^ When the rays having a wavelength of less than 300 nm are applied, the resin is 
decomposed in some cases. Therefore, by the use of the filter for removing such rays, the 
resin can be prevented from being decomposed. CJ*^ 
[0013] / 
A substrate for electro-optical devices according to the present inventiominclud^ 
an insulating re§i»-tSyer obtained by the above-mentioned insulating resin layer- 
manufa 

'According to this substrate for electro-optical devices, the insulating resin layer has 
high transmittance with respect to the colored ray as described above and a problem that 
coloration occurs in a low wavelength region is not caused, and therefore an electro- 
optical device in which the coloration is hardly caused and the display properties are 
satisfactory can be provided. 
[0014] 

In the substrate for electro-optical devices, the insulating resin layer preferably has 
a transmittance of 95% or more with respect to a colored ray having a wavelength of 400 
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Thereby, an electro-optical device in which the coloration is hardly caused and the 
display properties are satisfactory can be provided. 
[0015] 

In the subst rate for ele ctro-optical devices, the insulating resin layer preferably has 
a thiclaipe^of3|irn or more. 

^ According to this configuration, the insulating resin layer has satisfactory 
insulating properties and functions as a planarizing layer. 
[0016] 

A method for manufacturing an electro-optical device according to the present 
invention includes the steps of manufacturing the insulating resin layer or a step of using 
the substrate for electro-optical devices. ^ ^\ 

^According to this method, the insulating resin layer is transformed into an 
insulating material that is extremely transparent as described above, and therefore an 
electro-optical device in which the coloration is hardly caused and the display properties 
are satisfactory can be provided. 
[0017] 

An electro-optical device of the present invention includes an insulating resin layer 
formed by the manufacturing method or the substrate for electro-optical devices. 

^According to this electro-optical device, a display in which the coloration is hardly 
caused and the display properties are satisfactory can be obtained. 

[0018] t>E~tAtl Co PgscgrpTTs^ of T«eFerf/?GP> 



■ [DesciiptioH of the Embodimen t s ^ 

Embodiments of the present invention will now be described with reference to the 
accompanying drawings. 
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For a liquid crystal display of an electro-optical device according to the present 
invention, an embodiment is described with reference to FIGS. 1 to 5. 

In this embodiment, an example of a liquid crystal transflective display, which is of 
an active matrix type, is described, wherein the display includes pixel electrodes, disposed 
on an element substrate, each having a reflective display region and a transmissive display 
region. 

FIG 1 is a plan view showing the liquid crystal display of this embodiment, 
wherein the display and components thereof are viewed in the direction of a counter 
substrate. FIG 2 is a sectional view taken along the line H-H 1 of FIG 1 . FIG 3 is a 
diagram showing an equivalent circuit including various elements and wiring lines of a 
plurality of pixels, arranged in matrix, placed in an image display region of the electro- 
optical device (liquid crystal display). In the drawings used in the following description, 
in order to show layers and members on a recognizable scale, different scales are used 
depending on the size of the layers and members. 

[0019] 

In FIGS. 1 and 2, the liquid crystal display 100 of this embodiment includes a TFT 
array substrate 1 0 and a counter substrate 20 joined to each other with a sealing member 
52 disposed therebetween aijd also includes liquid crystals 50 placed in a region, isolated 
by the sealing member 52, in a sealed manner. A periphery-parting portion 53 c& ft*pi ising - 
a light-shielding material is disposed in the region surrounded by the sealing member 52. 
In regions outside the sealing member 52, a data line-driving circuit 201 and mount 
terminals 202 are arranged along a side of the TFT array substrate 10, and scanning line- 
driving circuits 204 are each placed along corresponding sides adjacent to this side. A 
plurality of wiring lines 205 for connecting the scanning line-driving circuits 204 each 
other placed along both sides of an image display region are arranged along the remaining 
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side of the TFT array substrate 10. An intersubstrate-conducting member 206 for 
electrically connecting the TFT array substrate 10 to the counter substrate 20 is placed at 
at least one corner section of the counter substrate 20. 
[0020] f 



However, the data line-driving cirCiiT201 ^and scanning line-driving circuits 204 
are not arranged on the TFT array substrate 10^(nstead, for example, a TAB (tape 
automated bonding) substrate on which a driving LSI is mounted may be connected to a 
group of terminals, arranged on the periphery of the TFT array substrate 10, in an 
electrical, mechanical manner with an isotropic conductive layer disposed therebetween. 
In the liquid crystal display 100, a retardation film, a polarizing film, or the like is 
arranged in a predeter mined 
direction depending on the type of the liquid crystals 50, that is, an operational mode such 
as a TN (twisted nematic) mode or an STN (super twisted nematic) mode or a display 
mode such as a normally white mode or a normally black mode. These components are 
not shown. 

[0021] ^/!>e_ 
In order to display a color image using the liquid crystal displa/l 00, red (R), green 
(G), and blue (B) color filters and protective layers thereof ^ee each4rranged at 
corresponding regions of the counter substrate 20, wherein the regions each face the 
corresponding below-mentioned pixel electrodes of the TFT array substrate 10. 
[0022] 

As shown in FIG 3, in the image display region of the liquid crystal display 100 
having the above configuration, a plurality of pixels 100a are arranged in matrix, TFTs 30 
for switching the pixels are each connected to the corresponding pixels 100a, and data 
lines 6a for supplying pixel signals SI, S2, and Sn are electrically connected to source 
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electrodes of the TFTs 30. The pixel signals SI, S2, and Sn written into the data lines 
6a may be line-sequentially supplied in this order or may be supplied to each group 
consisting of a plurality of data lines 6a adjacent to each other. Scanning lines 3a are each 
electrically connected to corresponding gate electrodes of the TFTs 30 such that scanning 
signals Gl, G2, and Gm are line-sequentially applied to the scanning lines 3a in this 
order in a pulse mode with predetermined timing. Reflective electrodes 9 are each 
electrically connected to corresponding drain electrodes of the TFTs 30 such that the TFTs 
30 functioning as switching elements are turned on for a predetermined period, whereby 
the image signals SI, S2, and Sn supplied from the data lines 6a are written into the 
pixels with predetermined timing. The image signals SI, S2, and Sn, transmitted 
through the reflective electrodes 9 and then written into the liquid crystals, having a 
predetermined level are retained between the reflective electrodes 9a and a counter 
electrode 21 of the counter substrate 20, shown in FIG. 2, for a predetermined period. 
[0023] 

In order to prevent the retained pixel signals SI, S2, and Sn from leaking, 
storage capacitors 60 are arranged in parallel to liquid crystal capacitors formed between 
the reflective electrodes 9 and the counter electrode. For example, voltages applied to the 
reflective electrodes 9 are each retained in the corresponding storage capacitors 60 for a 
period three orders of magnitude longer than a period for which voltages are applied to the 
source electrodes. Thereby, the property of retaining charges is enhanced, and thus the 
liquid crystal display 100 having high contrast can be achieved. When the storage 
capacitors 60 are formed, the storage capacitors 60 may be each provided between 
capacitor lines 3b for forming the storage capacitors 60, as shown in FIG. 3, or may be 
each provided between the above-mentioned scanning lines 3a. 

[0024] 
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FIG 4 is a plan view showing one of the pixels on the TFT array substrate of this 
embodiment. FIG 5 is a sectional view of the pixel taken along the line A- A 1 shown in 
FIG 4. FIGS. 4 and 5 each show a configuration in which a plurality of protrusions 
containing a photosensitive resin are arranged. 

[0025] ^ 

In FIG 4, the pixel electrodes including the reflective eleclVodes 9 and transparent 
electrodes 91 are arranged on the TFT array substrate 10 in matrix^ w hcrc m jhe reflective 
electrodes 9^contain aluminum, silver, or alloy thereof or have a layered structure 
including a layer containing any one of the above metals and a metal layer containing 
titanium, titanium nitride, molybdenum, tantalum, or the lik^4«* j£e transparent 
electrodes 91 j^ach include a transparent conductive layer, electrically connected to each 
reflective electrode 9, containing ITO or the like. The reflective electrodes 9 are each 
electrically connected to the corresponding TFTs 30 (see FIG 3) for switching the pixels. 
Each data line 6a, scanning line 3 a, and capacitor line 3b each extend along corresponding 
boundaries, extending lengthwise or widthwise, between regions each having the 
corresponding pixel electrodes therein. Each TFT 30 is connected to the data line 6a and 
scanning line 3a. 

[0026] 

The data line 6a is electrically connected to a heavily doped source region la of the 
TFT 30 with each contact hole 8, and each reflective electrode 9 is electrically connected 
to a heavily doped drain region Id of the TFT 30 with each contact hole 15 and drain 
electrode 6b. The scanning line 3a extends so as to face a channel-forming region la 1 of 
the TFT 30. Each storage capacitor 60 (storage capacitor element) has a configuration in 
which a lower electrode^^and an upper electrode are stackedj^liuuili^ie lower electrode 
corresponds to an extending portion If of each semiconductor layer 1 for forming the TFT 
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30 for switching each pixel, the extending portion If being conductive, and the upper 
electrode corresponds to the capacitor line 3b disposed in the same layer as that in which 
the scanning line 3a is disposed. 



In this embodiment, openings 9d are each disposed in the corresponding reflective 
electrodes 9 and the transparent electrodes 91 each disposed on the corresponding 
openings 9d. Therefore, in a transmissive display mode, image signals are supplied to the 
liquid crystals through transparent electrode portions disposed in regions of the openings 
9d, and light emitted from a backlight (not shown) passes through the openings 9d and 
then liquid crystal layers, thereby displaying an image. 



As shown in FIG. 5, which is a sectiopal view of this reflective region taken along 
the line A-A 1 , a base-protecting layer 1 1 comprioing a silicon oxide layer (insulating layer) 
having a thickness of 100 to 500 nm is disposed on a glass substrate 10 1 , functioning as a 
base of the TFT array substrate 10, for transparent TFT array substrates, and the island- 
shaped semiconductor layers 1 having a thickness of 30 to 100 nm are disposed on the 



base-protecting layer 1 1 . A gate-insulating layer 2 QQj^pusmg a silicon oxide layer having 
a thickness of about 50 to 150 nm is disposed over the semiconductor layers 1, and the 
scanning lines 3a having a thickness of 100 to 800 nm are disposed on the gate-insulating 
layer 2 and function as gate electrodes. A region of each semiconductor layer 1 that faces 
each scanning line 3a with the gate-insulating layer 2 disposed therebetween corresponds 
to the channel-forming region la 1 . Each source region including a lightly doped region lb 
and the heavily doped source region la is placed on one side of the channel-forming 
region la 1 , and each drain region including another lightly doped region lb and the heavily 
doped drain region Id is placed on the other side. Each heavily doped region lc that 



[0027] 



[0028] 
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belongs to neither the source region nor the drain region is placed therebetween. 
[0029] y^i 

A first interlayer insulating layer 4 eoiiipi i giiig a silicon oxide layer having a 
thickness of 300 to 800 nm and a second interlayer insulating layer 5 (surface-protecting 
layer) crfmpssag a silicon nitride layer having a thickness of 100 to 800 nm are disposed 
over the TFTs 30 for switching the pixels (the second interlayer insulating layer 5 
(surface-protecting layer) need not be disposed there). The data lines 6a having a 
thickness of 100 to 800 nm are disposed on the first interlayer insulating layer 4 and each 
electrically connected to the corresponding heavily doped source regions la with the 
corresponding contact holes 8 extending through the first interlayer insulating layer 4. 

[0030] 

A protrusion-forming layer (interlayer insulating layer) 7 containing a CR^ 
photosensitive resin (curable resin) of which a main component is an acrylic resin 
disposed on the second interlayer insulating layer 5 and has a slightly curved surface, 
which forms a protrusive pattern. The protrusion-forming layer 7 contains a highly 
transparent resin and particularly contains a resin having a transmittance of 95% or more 
with respect to a light ray having a wavelength of 400 nm. That is, the protrusion- forming 
layer 7 has a configuration in which coloration that such an acrylic resin is colored yellow 
is prevented by a predetermined method. 

[0031] 

Each reflective electrode 9 is disposed on the protrusion- forming layer 7, wherein 
the reflective electrode 9 contains aluminum, silver, or alloy thereof or has a layered 
structure including a layer containing any one of the above metals and a metal layer 
containing titanium, titanium nitride, molybdenum, tantalum, or the like. The reflective 
electrode 9 has each opening 9d present in each pixel, and each transparent electrode 



L< o inp i iAiii 4 a transparent conductive layer containing ITO or the like is disposed on the 
reflective electrode 9 and opening 9d. Light emitted from the backlight, which is not 
shown, is allowed to pass through the opening 9d, whereby an image can be displayed in a 
transmissive mode. An alignment layer 12 comprising a polyimide layer is disposed on 
the transparent electrode 91, and the surface of the alignment layer 12 is treated by a 
rubbing process. 
[0032] 

The TFTs 316 preferably have an LDD structure (lightly doped drain structure), as 
described aboverhowever, the TFTs 30 may have an offset structure in which impurity 
ions are not implanted into regions corresponding to the lightly doped regions lb. The 
TFTs 30 include self-aligned TFTs having heavily doped source and drain regions formed 
in a self-aligned manner by implanting such impurity ions in a large amount using the gate 
electrodes (portions of the scanning lines 3a) as masks. 

[0033] 

In this embodiment, the TFTs 30 have a dual gate (double gate) structure having 
two gate electrodes (the scanning lines 3a) placed between each source region and drain 
region^lTowever, the TFTs 30 may have a single gate structure having a single gate 
electrode placed therebetween or a triple or more gate structure having three or more gate 
electrodes placed therebetween. When a plurality of the gate electrodes are arranged, the 
same signals are supplied to the gate electrodes. When the TFTs 30 have the above- 
mentioned dual gate (double gate) structure or triple or more gate structure, currents can 
be prevented from leaking at junctions of channels and source or drain regions, whereby 
the current consumed during downtime can be reduced. Furthermore, when at least one of 
the gate electrodes has the LDD structure or the offset structure, the current consumed 
during downtime can be further reduced, thereby obtaining stable switching elements. 
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[0034] 

On the other hand, in the counter substrate 20, light-shielding layers 23, called 
black matrices or black stripes, are placed on regions that are located on the glass substrate 
20' of the counter substrate and are located above boundary regions between the reflective 
electrodes 9 disposed on the TFT array substrate 10, the boundary regions extending 
lengthwise or widthwise. The counter electrode 21 ^aptgg ag an ITO layer is disposed 
on the light-shielding layers 23. An alignment layer 22 coH^nsing a polyimide layer is 

^ — - — fti<Au<3k-<i 

disposed on the counter electrode 21. The liquid crystals 50 are placed between the TFT 
array substrate 1 0 and counter substrate 20 in a sealed manner. 
[0035] 

qu4djjry^l4j4«play]- 



v A method for manufacturii 



A method for manufacturing the liquid crystal display 100 having the above 
configuration will now be described in detail with reference to FIGS. 6 to 10. FIGS. 6 to 
10 are sectional views showing steps of manufacturing the TFT array substrate 10 of this 
embodiment. 
[0036] 

As shown in FIG 6(A), after the glass substrate 10' for TFT array substrates 
cleaned by supersonic washing or the like is prepared, the base-protecting layer 11 
comprising a silicon oxide layer is formed over the glass substrate 10 1 for TFT array 
substrates at a substrate temperature of 150 to 450°C by a plasma CVD process such that 
the base-protecting layer 1 1 has a thickness of 1 00 to 500 nm. A raw material gas used in 
this procedure includes a mixed gas containing monosilane apd-^iaughr^g-gas (nitrous 
oxide), a mixed gas containing TEOS (tetraethoxysilany^i(OC@H^) and oxygfeij, and a 
mixed gas containing disilane and ammonia. 

[0037] 

Sob Scr\^ 





ttooqq n c; 



A semiconductor layer 1 (somprtSftig an amorphous silicon layer is formed over the 
resulting glass substrate 10* for TFT array substrates at a substrate temperature of 150 to 
450°C by a plasma CVD process such that the semiconductor layers 1 has a thickness of 
30 to 100 nm. A raw material gas used in this procedure includes, for example, disilane 
and monosilane. The semiconductor layer 1 is irradiated with a laser beam, thereby 
performing laser annealing. As a result, the amorphous semiconductor layer 1 is once 
melted, cooled, solidified, and then crystallized. 

[0038] 

The semiconductor layer 1 is etched by a photolithographic process using a resist 
mask 551 such that semiconductive layers for forming island-shaped semiconductor layers 
1 (functioning layers) are isolated, as shown in Fig. 6(B). 

The gate-insulating layer 2 c 0111 prfamg a silicon oxide layer or the like is formed 
over the resulting glass substrate 10 f for TFT array substrates including the semiconductor 
layers 1 at a substrate temperature of 350°C or less by a CVD process such that the gate- 
insulating layer 2 has a thickness of 50 to 1 50 nm. A raw material gas used in this 
procedure includes, for example, a mixed gas containing TEOS and oxygen. The gate- 
insulating layer 2 may comprise a silicon nitride layer instead of the silicon oxide layer. 

[0040] 

Impurity ions are implanted into the extending portion If of each semiconductor 
layer 1 using a predetermined resist mask, which is not shown, whereby each lower 
electrode for forming each storage capacitor 60 is formed between the capacitor lines 3b 
(see FIGS. 4 and 5). 

[0041] 

As shown in FIG. 6(C), a conductive layer 3, having a thickness of 100 to 800 nm, 
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for forming the scanning lines 3a and the like is formed over the glass substrate 10* for 
TFT array substrates by a sputtering process or the like, wherein the conductive layer 3 
comprises a metal layer containing aluminum, tantalum, or molybdenum or an alloy layer 
containing one of these metals as a main component. A resist mask 552 is then formed by 
a photolithographic process. 
[0042] 

The conductive layer 3 is dry-etched using the resist mask, whereby the scanning 
lines 3a (gate electrodes), the capacitor lines 3b, and the like are formed, as shown in FIG 
6(D). 

[0043] 

Impurity ions (phosphorus ions) are implanted into regions around pixel TFT 
sections and n-channel TFT sections (not shown) of the driving circuits at a small dose of 
about 0.1 x 10 13 /cm 2 to 10 x 10 13 /cm 2 using the scanning lines 3a and/or the gate 
electrodes as masks, whereby the lightly doped regions lb are formed such that the lightly 
doped regions lb are self-aligned with respect to the scanning lines 3a. In this 
configuration, sections which are each located directly below the corresponding scanning 
lines 3a and into which the impurity ions have not been implanted remain as the 
semiconductor layers 1 and function as channel-forming regions la*. 

[0044] 

As shown in FIG 7(A), impurity ions (phosphorus ions) are implanted into the 
pixel TFT sections at a large dose of about 0.1 x 10 15 /cm 2 to 10 x 10 15 /cm 2 using masks 
553 having a width larger than that of the scanning lines 3a (gate electrodes), whereby the 
heavily doped source regions la, heavily doped regions lc, and heavily doped drain 
regions Id are formed. 

[0045] 
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The impurities are not implanted at a small dose but 
^the impurities (phosphorus ions) may be implanted at a large dose using a resist mask 
having a line width larger than the width of the gate electrodes instead of the above steps 
of implanting impurities, whereby source regions and drain regions having an offset 
structure are formed. The impurities may be implanted at a large dose using the scanning 
lines 3a as masks, whereby source regions and drain regions having a self-aligned 
structure are formed. f\ . Jr- - cV 

[0046] / 




As shown in FIG 7(B),Hhe[interlayer insulating layer 4 <&oifap r ismg a silicon oxide 
layer or the like is formed over the scanning lines 3a by a CVD process or the like such 
that the first interlayer insulating layer 4 has a thickness of 300 to 800 nm. A raw material 
gas used in this procedure includes, for example, a mixed gas containing TEOS and 
oxygen. A resist mask 554 is then formed by a photolithographic process. 

[0047] ^ $\ rV V 

As shown in FIG 7(C), thefinterlayer insulating layer 4 is dry-etched using a resist 
mask 554, whereby contact holes are formed at portions of the/interlayer insulating layer 
4, the portions corresponding to the source regions and drain regions. 

[0048] / ^ vfS 

As shown in FIG 7(D), a metal layer 6, having a thickness of 100 to 



800 nm, for 
interlayer 



forming the data lines 6a (source electrodes) and the like is formed over the 
insulating layer 4 by a sputtering process or the like, wherein the metal layer 6 comprises 
an aluminum layer, a titanium layer, a titanium nitride layer, a tantalum layer, a 
molybdenum layer, an alloy layer containing one of these metals as a main component, or 
a multi-layer film. A resist mask 555 is then formed by a photolithographic process. 
[0049] 



As shown in FIG 8(A), the metal layer 6 is dry-etched using the resist mask 555, 
whereby the data lines 6a and drain electrodes 6b are formed. The metal layer 6 may be 
processed by a wet etching method. * 

[0050] * A 

As shown in FIG 8(B), the second interlayer insulating layer 5 co^iprioing a silicon 
nitride layer or the like is formed over the data lines 6a and drain electrodes 6b by a CVD 
process such that the second interlayer insulating layer 5 has a thickness of 100 to 800 ran. 
Contact holes 15' to be each electrically connected to the corresponding pixel electrodes 
are then formed. 

[0051] 

As shown in FIG. 8(c), a photosensitive resin 7a, such as an acrylic resin, having a 
thickness of 3.0 \xm or more is formed by a spin coating process, the photosensitive resin 
7a being of an organic type and transparent. The photosensitive resin 7a is then patterned 
by a photolithographic process, thereby forming the protrusion-forming layer 7 having a 
plurality of protrusion patterns 7g thereon, as shown in FIG 9(A). 

[0052] 

In this procedure, a photomask having a pattern corresponding to the protrusion 
patterns 7g to be formed is used. When a positive photosensitive resin is used, the 
photomask has a pattern in which sections corresponding to the protrusion patterns 7g are 
light-proof. When a negative photosensitive resin is used, the photomask has a pattern in 
which sections corresponding to the protrusion patterns 7g are transparent. 

[0053] 

As shown in FIG 9(B), the contact holes 1 5 are bored in the protrusion- forming 
layer 7 on the contact holes 15* extending through the second interlayer insulating layer 5 
by a photolithographic process such that the contact holes 1 5 each extend to the 
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corresponding drain electrodes 6b. 
[0054] 

Bleach exposure is performed for the protrusion-forming layer 7 having the contact 
holes 15 using a high-pressure mercury lamp. This high-pressure mercury lamp has a 
luminescence peak at a wavelength of about 365 nm. The exposure is performed with an 
illuminance of 80 mW/cm 2 or more at a wavelength of 365 nm. In the exposure, a filter 
for removing rays having a wavelength of less than 300 nm from emitted rays is used. 

[0055] 

Since the exposure is performed using light having such high illuminance, the 
problem of coloration that is apt to occur in cured resins can be prevented and the 
transmittance of light having a wavelength of about 400 nm can be enhanced. In the 
above exposure step, the resin can be effectively decolorized when the irradiation energy 
is 5 to 30J. The decolorization can be promoted by performing the exposure at 100 to 
250°C. 

[0056] >V** S 
As shown in FIG 10(A), after the bleach exposure is performed, a metal layer 9a is 
formed over the protrusion-forming layer 7 and the contact holes/ 15 by a sputtering 
process or the like, wherein the metal layer 9a is reflective and-s oifrpriGoo a multi-layer 
film containing aluminum, silver, or alloy thereof and titanium, titanium nitride, 
molybdenum, tantalum, or the like. 
[0057] 

As shown in FIG. 10(B), the metal layer 9a is patterned by a photolithographic 
process and an etching process, whereby the reflective electrodes 9 each having the 
corresponding openings 9d are formed. The reflective electrodes 9 formed according to 
this procedure are each electrically connected to the corresponding drain electrodes 6b. 
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Protrusion patterns 9g having no flat part but a gentle shape are each formed above the 
corresponding reflective electrodes 9 using the protrusion patterns 7g on the protrusion- 
forming layer 7. 

[0058] V** A * 



The transparent electrodes 91 each eo«pR5fflg a transparent conductive layer 
containing ITO or the like are formed over the reflective electrodes 9 and the openings 9d. 
The alignment layer 12 containing polyimide is formed over the transparent electrodes 91 . 
In order to obtain such a layer, a polyimide layer is formed and then treated by a rubbing 
process. According to the above procedure, the TFT array substrate 1 0 is completed. 

[0059] 

On the other hand, for the counter substrate 20, a substrate body 20' containing 
glass or the like is prepared. After the light-shielding layers 23 are formed on regions of 
the substrate body 20 f corresponding to boundaries between the pixels, a transparent 
conductive material containing ITO or the like is deposited thereon by a sputtering process 
and then patterned by a photolithographic process, whereby the common electrode 21 is 
formed on almost the whole substrate body 20'. An application solution for forming 
alignment layers is applied over the counter electrode 21 and an obtained layer is treated 
by a rubbing process, whereby the alignment layer 22 is obtained. Thereby, the counter 
substrate 20 is obtained. 

[0060] 

The TFT array substrate 1 0 and counter substrate 20 manufactured according to the 
above procedures are joined to each other with the sealing member disposed therebetween 
such that the alignment layer 12 faces the alignment layer 22. The liquid crystals are 
injected into a space between the substrates by a vacuum injection method or the like, 
thereby forming the liquid crystal layer 50. Finally, a retardation film, a polarizing film, 



• 
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or the like is joined to the outside of a liquid crystal cell obtained according to the above 
procedure depending on needs, whereby the liquid crystal display 100 of this embodiment 
is completed. 
[0061] 

In the method for manufacturing the liquid crystal display 100 of this embodiment, 
the protrusion-forming layer 7, which is an insulating material, is decolorized by the 
bleach exposure, thereby enhancing the transmittance of light having low wavelength 
(near a wavelength of 400 nm). Thus, problems such as coloration hardly occur in the 
liquid crystal display 100 comprising the insulating material, that is, the protrusion- 
forming layer 7, formed by this method. 

[0062] 

V-^^SE^ti^^ Device]" ' 

Examples of electronic devices each including the liquid crystal display of the 
above embodiment will now be described. 

FIG 11 is a perspective view showing an example of a mobile phone. In FIG 11, 
reference numeral 1000 represents a mobile phone body and reference numeral 1001 
represents a liquid crystal display section including the above-mentioned liquid crystal 
display. 

[0063] 

FIG 12 is a perspective view showing an example of an electronic device, which is 
of a wrist watch type. In FIG 12, reference numeral 1 100 represents a watch body and 
reference numeral 1101 represents a liquid crystal display section including the above- 
mentioned liquid crystal display. 

[0064] 

FIG 13 is a perspective view showing an example of a mobile information 
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processor such as a word processor or a personal computer. In FIG 13, reference numeral 
1200 represents the information processor, reference numeral 1202 represents an input 
section such as a keyboard, reference numeral 1204 represents an information processor 
body, and reference numeral 1206 represents a liquid crystal display section including the 
above-mentioned liquid crystal display. 
[0065] 

The electronic devices shown in FIGS. 11 to 13 include the liquid crystal display 
sections each including the liquid crystal display of the embodiment, and therefore bright 
images can be displayed in a reflective display mode with a wide view angle using the 
electronic devices including the liquid crystal display sections. 

[0066] sWoU W w*«UrrW <± 

*The present invention is not limited to the above embodiments and various 
modifications may be performed within the scope of the present invention. For example, 
in the above embodiment, an example in which the present invention is used for the active 
matrix liquid crystal display including TFTs functioning as switching elements is 
describe(^1iowever, the present invention can be used for another active matrix liquid 
crystal display including TFDs functioning as switching elements and a passive matrix 
liquid crystal display including a pair of substrates each including scanning electrodes and 
data electrodes. Furthermore, the pixel electrodes of the embodiment have a configuration 
in which each transparent electrode is disposed on each reflective electrodejpiowever the 
present invention can be used for a configuration in which the reflective electrode is 
disposed on the transparent electrode in contrast. Furthermore, in the above embodiment, 
the transflective liquid crystal display includes the reflective 'film of the present inventioi}^ 
however, a transmissive liquid crystal display having no reflective film may include the 
insulating layer for electro-optical devices according to the present invention. In this case, 
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such an insulating material can be used for a planarizing layer disposed on an element 
substrate. 

[0067] 
Vptfafnples] 



Particular examples of the present invention will now be described. 




^ In the examples below, bleach exposure was performed under different conditions 
using the high-pressure mercury lamp described in the above-mentioned embodiment. 

[0068] 
^-4E»«TlpIeT] " 

As shown in FIG 9(c), the bleach exposure was performed for 60 seconds with an 
illuminance of 80 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, the substrate temperature was about 100°C and the irradiation 
energy was 4.8 J. As a result of the bleach exposure performed under these conditions, an 
obtained protrusion-forming layer (insulating layer) had a transmittance of 95% or more 
with respect to a colored ray having a wavelength of 400 nm. 



As shown in FIG 9(c), the bleach exposure was performed for 300 seconds with an 
illuminance of 100 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, the substrate temperature was about 120°C and the irradiation 
energy was 30 J. As a result of the bleach exposure performed under these conditions, an 
obtained protrusion-forming layer (insulating layer) had a transmittance of 95% or more 
with respect to a colored ray having a wavelength of 400 nm. 



[0069] 




[0070] 
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As shown in FIG 9(c), the bleach exposure was performed for 90 seconds with an 
illuminance of 200 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, the substrate temperature was about 250°C and the irradiation 
energy was 1 8 J. As a result of the bleach exposure performed under these conditions, an 
obtained protrusion-forming layer (insulating layer) had a transmittance of 95% or more 
with respect to a colored ray having a wavelength of 400 nm. 



A protrusion-forming layer (insulating layer) having a thickness of 3.0 |im was 
formed. The bleach exposure was performed for the protrusion-forming layer (insulating 
layer) under the same conditions as those of Example 3. As a result, the resulting 
protrusion-forming layer (insulating layer) had a transmittance of 95% or more with 
respect to a colored ray having a wavelength of 400 nm. It became clear that the 
protrusion-forming layer (insulating layer) has satisfactory insulating properties and 
efficiently functions as a planarizing layer because the thickness is 3.0 jam, which is 
relatively large. 



As shown in FIG 9(c), the bleach exposure was performed for 300 seconds with an 
illuminance of 50 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, the substrate temperature was about 100°C and the irradiation 
energy was 15 J. As a result of the bleach exposure performed under these conditions, an 
obtained protrusion-forming layer (insulating layer) had a transmittance of less than 90% 
with respect to a colored ray having a wavelength of 400 nrrL.beee*»se ihf * illuminance * c 



[0071] 




[0072] 
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As shown in FIG 9(c), the bleach exposure was performed for 30 seconds with an 
illuminance of 300 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, the substrate temperature was about 300°C and the irradiation 
energy was 9 J. As a result of the bleach exposure performed under these conditions, the 
decolorization occurre^however, the resin was decomposed in some cases. As a result of 
the bleach exposure performed under the same conditions as the above except that the 
substrate was cooled with a cooling fan, the resin was not decomposed in contrast to the 
above exposure and an obtained protrusion-forming layer (insulating layer) had a 
transmittance of 95% or more with respect to a colored ray having a wavelength of 400 
nm. 



[0074] 




As shown in FIG. 9(c), the bleach exposure was performed for 30 seconds with an 
illuminance of 80 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, irradiation was performed in such a manner that the substrate 
temperature was maintained at about 50°C with a cooling fan and the irradiation energy 
was 2.4 J. As a result of the bleach exposure performed under these conditions, the 
decolorization was slightly insufficient due to low temperature. However, when the 
irradiation time was 300 seconds (in this case, the irradiation energy was 24 J), an 
obtained protrusion-forming layer (insulating layer) had a transmittance of 95% or more 
with respect to a colored ray having a wavelength of 400 nm. 

[0075] 
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As shown in FIG 9(c), the bleach exposure was performed for 300 seconds with an 
illuminance of 300 mW/cm 2 (a wavelength of 365 nm) using the high-pressure mercury 
lamp. In this exposure, the irradiation energy was 90 J and the substrate temperature was 
set to about 200°C. As a result of the bleach exposure performed under these conditions, 
the resin was decolorize^however, the resin was decomposed in some cases because 
cessive heat was applied to the resin. Furthermore, the substrate was deformed due to 





in some cases. 
[0076] 

the results of Examples and Comparative Examples described above, it can 
be seen that tt^e decolorization can be achieved by performing the exposure with an 
illuminance of S\) mW/cm 2 or more. Furthermore, the efficiency of the decolorization is 
improved when the^rradiation energy is 5 to 30 J and the substrate temperature is 100 to 
250°C. 

[0077] 

As described above\in detail, according to the present invention, exposure is 
performed for a photosensitive resin with an illuminance of 80 mW/cm 2 or more, the resin 
being used for insulating lasers for electro-optical devices, the insulating layers 
functioning as interlayer insulating layers of such electro-optical devices. Thereby, an 
obtained protrusion-forming layer is decolorized and has a transmittance of, for example, 
95% or more with respect to a colored ray having a wavelength of 400 nm. An electro- 
optical device incjrfaing the resulting resin is hardly colored and has satisfactory display 
properties. 
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FIG 1 is a plan view showing the liquid crystal display of an embodiment of the 
present invention, wherein the display and components thereof are viewed in the direction 
of a counter substrate)^ j 

FIG 2 is a sectional view taken along the line H-H* of FIG ^ } 



FIG 3 is a diagram showing an equivalent circuit including various elements and 
wiring lines for a plurality of pixels, arranged in matrix, placed in an image display region 
of the liquid crystal display of an embodiment of the present invention^ *j 

FIG 4 is a plan view showing one of the pixels on a TFT array substrate of the 
liquid crystal display of an embodiment of the present inventioi^ • 

FIG 5 is a sectional view of the pixel taken along the line A- A 1 shown in FIG 4^ # j 



FIG 6 is an illustration including sectional views showing steps of manufacturing 
the liquid crystal display of an embodiment of the present inventioi^ • 

FIG 7 is an illustration including sectional views showing next manufacturing 
steps^ ) 

FIG 8 is an illustration including sectional views showing next manufacturing 
step^ j 

FIG 9 is an illustration including sectional views showing next manufacturing 



steps^ J 

FIG 10 is an illustration including sectional views showing next manufacturing 

steps^ 

FIG 1 1 is a perspective view showing an example of an electronic device including 
an electro-optical device of the present inventior^ j 

FIG 12 is a perspective view showing another example of such an electronic 
device^ J $x <± 

FIG 13 is a perspective view showing another example of such an electronic 
device. 
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